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Abstract 
A composit catalyst of Graphite Oxide load  Co3O4 (GO-Co3O4) was prepared with a simple method , and its 
performance in the degradation of azo dyes Acid Orange (AO7) usingĊ  potassium monopersulfate compound 
(Oxone) as an oxidant was investigated. The results indicate that GO-Co3O4 can be successfully applied as 
heterogeneous catalyst to catalytic Oxone and degrade AO7, and the degrading ability is enhanced with increasing 
temperature; the best catalyst dosage under the experimental condition is 0.01 g, the oxidant dosage is 4 mM. 
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1. Introduction 
The advanced oxidation process (AOPs) based on sulfate radical (SO4Ɣ-) is a new AOPs approaches.  
The results showed that the oxidation power of SO4Ɣ- is 2.6 V~3.1V, which is higher than ƔOH (1.8 V~2.7 
V) [1, 2]. So the oxidation capacity of  SO4Ɣ- is higher.  
In general , SO4Ɣ- can be produced from scission of peroxide bond by radiolytic[3], photolytic[4], thermal 
activation[5] of persulfate (S2O82-ˈPSF), or electron transfer by transition-metal activation of persulfate[6] 
or peroxymonosulfate (HSO5-)[7] . Among them , Co2+  decomposition of  KHSO5˄PMSˈthe active 
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substance of Oxone˅ , is considered as an efficient method due to their simple and mile reaction 
conditions, high rate of  free radicals. The Co2+ /PMS system reactions of SO4Ɣ- as (1) shows: 
 
Co2+ + HSO5-ė&R3+SO4Ɣ-2+

Previous studies on Co/Oxone system mainly focused on homogeneous catalysis, which the dissolved 
cobalt ions is difficult to separate from the water, causing potential environmental risks. To avoid the 
drawback of the homogeneous Co/Oxone reagent and broaden the application of the reagent ,  Xiaoyang 
Chen[8] reported the performance of nano  Co3O4/ Oxone system on degradation of AO7 and found  the 
degradation rate of  this system was not high and the nanoparticles were difficult recovering. Chu group[9] 
investigated  the performance on  degradation of monuron with cobalt loading on the zeolite activation of  
Oxone , however , the catalyst recycling was ineffective.
In this study, GO-Co3O4 were prepared as heterogeneous catalyst for the first time, and its performance 
on  degradation of AO7 was investigated. 
2. Experimental section 
2.1. Chemicals 
natural flake graphite, NaNO3 (A. R), H2O2 (A. R, 30%), BaCl2 (A. R), ice, ethyl alcohol (A. R), 
Oxone (2KHSO5gKHSO4gK2SO4, A.R), acid orange II (AO7, A. R), NaHCO3 (A. R), H2SO4 (A. R, 
98%), HCl (A. R), KMnO4 (A. R), Co(NO3)2g6H2O (A. R), n-Hexanol (A. R), NaNO2(A. R) 
2.2. Catalyst preparation  
The heterogeneous catalyst Oxide load  Co3O4 (GO-Co3O4) were prepared as described by Xiaoyang 
Chen[8]. 
2.3. Experimental methods 
The degradation experiments were conducted in a 250 mL Erlenmeyer flask. The required volume of a 
stock solution of AO7 (0.2 mM, 100 mL) was added to the reactor and an appropriate amount Oxone 
were added also, after mixing 0.5 M NaHCO3 was added to maintain the system as a neutral PH, then a 
certain amount of GO-Co3O4 were added. Finally, putted the mixture into a constant temperature water-
bath oscillator. Several samples were drawn from the reactor at regular time intervals to measure the AO7 
concentration.   
 Experiments carried out at 25 °C, in addition to the impact of  temperature.  
2.4. Analytical methods  
AO7 concentration was measured by a UV-vis spectrophotometer at wavelength of 486 nm[8].  
Calculated AO7 concentration by an AO7 UV-vis calibration curve (C =16.5016A-0.1287, where C is 
concentration, A is the absorbance).     
3. Results and discussion  
3.1 Degradation activity of GO-Co3O4/Oxone  
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The degradation curve of AO7 under different reaction condition is showed in Fig. 3. 1. As shown in 
figure 3. 1,  there is no degradation of AO7 in the presence of Oxone only; with GO-Co3O4 only, nearly 
22% of AO7 is removed probably due to the adsorption on the surface of the catalyst, but there is 
desorption; at neutral PH adjusted by bicarbonate, with Oxone, about 47% of AO7 degraded due to 
possible generation of percarbonate from the interaction of bicarbonate species and Oxone[10, 11]; with 
Oxone and GO-Co3O4, AO7 degradation rate is 100% within 30 min; the degradation activity of GO-
Co3O4/Oxone is better at neutral  PH , where AO7 degrades completely in 10 min, this may be due to the 
formation of SO4Ɣ- is easier at neutral PH[8,12]. The follow-up experiments using neutral condition.     
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˄a: 2 mM Oxone;  b: 0.01 g GO-Co3O4;  c: PH 7, 2 mM Oxone;  d: 2 mM Oxone, 0.01 g GO-Co3O4;  e: PH 7, 2 mM Oxone, 0.01 g 
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Fig. 3.1. The degradation of AO7 under different conditions  
3.2 Effect of catalyst dosage on the degradation of AO7 
Figure 3.2. shows the AO7 degradation curve with 2 mM Oxone and different amounts of GO-Co3O4. As 
shown in Fig.3.2, AO7 degradation rate accelerates with the catalyst dosage increasing. When increases 
catalyst dosage above 0.01 g, the degradation rate of AO7 not significantly increase. Therefore, a suitable 
catalyst dosage was experimentally as 0.01 g.   
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˄a: 0.0025 g GO-Co3O4;  b: 0.005 g GO-Co3O4;  c: 0.01 g GO-Co3O4;  d: 0.02 g GO-Co3O4˅ 
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Fig.3.2. Effect of catalyst dosage on the degradation of AO7 
3.3 Effect of oxidant dosage on the degradation of AO7 
Figure 3.3. shows the AO7 degradation curve with 0.01 g GO-Co3O4 and different amounts of 
Oxone( measured with molar ratio of Oxone and AO7). As can be seen from figure 3.3, the AO7 
dagradation rate increases with increasing the molar ratio. When the molar ratio is 20, AO7 degrades 
completely in 2 min; continue to increase the amount of Oxone, AO7 degradation rate is almost  
unchanged. Therefore , 4 mM(the molar ratio with AO7 is 20) is the suitable Oxone dosage under the 
experimental conditions. But in order to observe the trends, we select 2 mM ( the molar ratio with AO7 is 
10) as the Oxone dosage for follow-up experiments. 
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Fig.3.3. Effect of oxidant dosage on the degradation of AO7 
3.4 Effect of temperature on the degradation of AO7 
Figure 3.4. is the effect of temperature on the degradation of AO7 , investigated with 0.01 g GO-Co3O4 
and 2 mM Oxone. It is concluded from Fig 3.4. that GO-Co3O4/Oxone system gives higher degradation 
efficiency at elevated temperature. It is probably due to Oxone can absorb more energy at higher 
temperature ,which caused the O-O bond more easily rupture generating SO4Ɣ-. 
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˄a: 15 °C;  b: 25 °C;  c: 40 °C;  d: 60 °C˅ 
Fig.3.4. Effect of temperature on the degradation of AO7 
4. Conclusions 
Based on the results mentioned above, it can be concluded that: 
x (1) GO-Co3O4 /Oxone system has a high removal efficiency for AO7, it can degrade AO7 completely 
in 30 min without PH adjustment and 10 min at neutral PH; the temperature is the higher the better. 
x (2) With degradation of 100 mL 0.2 mM AO7, the best catalyst dosage is 0.01 g, the best oxidant dosage is 
4 mM(the molar ratio with AO7 is 20).   
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